Introduction
Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) is defined as an acute worsening of respiratory symptoms beyond baseline level including dyspnea, cough, and sputum production that require a change in medication in mild cases and emergency department (ED) visits or hospitalization in more severe cases. 1 AECOPD is associated with an increased morbidity and mortality in COPD patients with an increased frequency of exacerbation leading to higher mortality, 2 lower quality of life, 3 an accelerated decline in lung function, 4 and future adverse events. 5 In the period up to 3 months following an acute exacerbation, there is a higher risk for subsequent exacerbations, 6 mortality, 7 and indication that even then some patients do not have full recovery in lung function. 8 Furthermore, there are high health care costs 9 for COPD exacerbations with acute care and ED readmissions contributing the largest amount of readmissions in Canada. 10 The importance of AECOPD management has been emphasized due to the adverse effect on patient outcome and the burden to the health care system these events have. Therefore, the goal of AECOPD treatment is to minimize the impact of the exacerbation in order to reduce the frequency of future events. 1 Thus, many studies have looked at the factors that are associated with exacerbation frequency to find which can be modifiable. Certain disease factors (severity of disease [forced expiratory volume in 1 second {FEV 1 }], 11, 12, 19, 20 exacerbation history, 12, 14, 15, 18, 19 comorbidities, 11, 15, 16, 18, 20 body mass index, 13 previous surgeries, 13 long-term oxygen therapy 14 ) , social factors (smoking, 12, 19 drug addiction, living without a partner/spouse, 11 quality of life, 12,14 socioeconomic status 13, 16, 17 ), patient factors (age, 12, 15 physical activity, 14 compliance with treatment 20 ), and management factors (intervention programs, treatment 13, 14, 21, 22 ) have previously been shown to predict exacerbations and readmission of patients admitted to the hospital for AECOPD. Decision support algorithms incorporating the above-mentioned variables have been reported to assist physicians to determine whether hospital admission or ED management and observation with discharge home from the ED in AECOPD are appropriate. [23] [24] [25] [26] However, the adoption and utility of these tools are unclear and are complicated for practical use in a busy ED, and decisions to admit patients with COPD are often and mostly based on clinical judgment of the attending physician. Numerous factors have been associated with readmissions following AECOPD; [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] however, readmission rates in patients seen in the ED for AECOPD and directly sent home are understudied, particularly the factors that predict readmissions in this population.
Approximately half of the patients seen in the ED for AECOPD are hospitalized. Of concern, adherence to guidelines for AECOPD management in the ED is typically low in the USA and Canada. 27 Previous studies have examined the factors that predict relapse, admission frequency, poor outcomes, and hospital admission after an ED visit for AECOPD, few have specifically looked at patients who were directly sent home, and none looked at readmissions up to 90 days or compared the patient group treated just in the ED with those who are hospitalized. [28] [29] [30] [31] [32] [33] [34] [35] [36] We hypothesize that readmission rates are higher in patients with AECOPD discharged directly from the ED compared with patients managed in the hospital.
This study was designed to compare the readmission rates and patient population demographics of patients visiting the ED for AECOPD and discharged directly from the ED, to patients visiting the ED and who are then hospitalized for AECOPD. We were also interested to determine the factors that predict readmission of the patients directly discharged from the ED with the primary diagnosis of AECOPD. The primary outcome measure was the total all-cause and COPDrelated readmissions at 30 and 90 days post-index visit/ admission for COPD. The secondary outcomes were patient factors (disease and social factors) and system factors (ED management) or variables associated with readmission.
Methods

Patient population
This was a 1-year (March 2012 to March 2013) retrospective study of all patients who were seen and managed in an inner-city tertiary hospital for AECOPD (St Paul's Hospital, Vancouver, Canada). All patients were seen and managed in the ED and either directly sent home after stabilization or admitted to hospital for further management. The attending physician made the diagnosis of AECOPD based on clinical acumen. To be included in this analysis, the principal diagnosis of the ED visit had to be AECOPD. The index admission in both the groups was defined as the first admission for AECOPD (to ED in ED group and to hospital in hospitalized group) after the set start date.
study design
Patient data were retrospectively collected by using patient charts and hospital's electronic databases (that include dictations, laboratory records, radiology reports, and lung function reports). To ensure that readmissions to other hospitals or deaths were not missed, a provincial-wide electronic database was used to cross-check the data (patients who were documented as "not resident" to the area were excluded from analysis). All patients were assigned a unique study number, and all research-related information collected was attached to this number to protect patient confidentiality. No personal information that could identify a patient has been or will be used in presentations or publications. All information and The management of the AECOPD was done by the attending physician (emergency physician in the ED group and either general internist or respirologist in the hospitalized group). The in-hospital management of AECOPD in all patients was guided by a standardized hospital-wide admission protocol for the management of AECOPD based on the GOLD strategic document. 1 The AECOPD in the ED group was managed by the attending emergency physician. As there is no standardized protocol for ED management of AECOPD, specific data regarding patient assessment (investigations such as imaging, laboratory tests, and other diagnostics), patient treatment (medication given and prescribed on discharge), and patient follow-up (referrals for further testing and interventions such as pulmonary rehabilitation or follow-up by the patient's family physician or respirologist) were collected.
Outcomes
The primary outcomes were both 30 and 90 days post-ED index and hospitalized index admission and were determined for all-cause and COPD readmissions.
Secondary outcomes were factors that predict ED readmissions after discharge from the ED for AECOPD.
Data analysis
All analyses were performed by using RStudio (Version 1.0.153 © 2009-2017; RStudio, Inc., https://www.rstudio. com/). Tests employed were two-tailed and p-values ,0.05 were considered significant. Statistical tests to compare the demographics of the ED index admission and the hospitalized index admission groups were chosen depending on whether the variable was continuous or proportional and whether the data were normally distributed. Continuous variables were first tested for normality using the Shapiro-Wilk test and if not normally distributed, the Wilcoxon ranked-sum test (also called Mann-Whitney U test) was used to determine whether means were significantly different between the two groups. For proportional variables, the chi-squared tests were used to determine whether the index admission group was associated with a variable. The Yates' correction for continuity was not applied as sample sizes were large and there were no expected frequencies less than five. Readmission rates and average time until first readmission between the ED group and hospitalized group were compared again using the Wilcoxon ranked-sum test.
Multivariate Poisson regression models were used to determine the factors that predict readmissions of patients seen in the ED for AECOPD. RStudio was used to run automated stepwise regressions, which uses lowest Akaike information criterion to determine the best model by using both forward selection and backward elimination approaches. Two types of models were created; one for patient factors and one for system factors that relate to both 30-and 90-day all-cause or COPD admissions. The regression coefficient (β) was converted to an incidence rate ratio (IRR) (X=e β ), implicating the change in the rate at which events occur with one unit change in the predictor variable.
Results Demographics
Eligibility criteria were met for 240 patients in the ED index admission group and for 271 patients in the hospital index admission group. The demographic comparison between the two groups is shown in Table 1 . The ED index admission group compared with the hospitalized index admission group was significantly younger by about 10 years ( p,0.001), with milder COPD severity (as indicated by higher FEV 1 ; p=0.001). There were 26% more current smokers ( p,0.001), 13% more ever smokers ( p=0.001), and 30% more substance abusers ( p,0.001) in the ED group versus hospital group. (Figure 1 ).
Factors predicting readmissions in eDmanaged patients (secondary outcome)
Mental health and cardiovascular comorbidities were the strongest variables associated with both 30-and 90-day readmissions in the ED group ( eD management Table 5 shows the ED management of AECOPD, demonstrating both the investigation conducted to exclude other potential causes for the patients' symptoms and the treatment provided. Chest X-ray was requested in the majority of patients (92.9%), 55.8% of patients had workup for potential cardiovascular causes for dyspnea, and 74.1% had an infectious workup. Only 49.1% received bronchodilators, antibiotics, and steroids inclusively, and 68% of patients were referred for additional follow-up by their family physician, respirologist, or respiratory therapist for puffer training or pulmonary rehabilitation. Interestingly, the emergency physicians' decision to conduct an infectious workup (IRR =1.34, p,0.05) was associated with an increase in the 90-day readmission rate and a cardiovascular workup with a 90-day (IRR =1. 34 
Discussion
AECOPDs are a major source of ED visits in North America and are associated with substantial morbidity and mortality. 5 Many patients with AECOPD return for a repeated ED visit following discharge. 6 In the present study, we showed that on average patients experience another 0.7 admissions to the ED within 30 days and 1.7 admissions within 90 days of discharge from the index ED visit. Interestingly, these rates are significantly higher than those experienced by patients who are hospitalized for their AECOPD and are subsequently discharged home although ED-discharged patients were significantly younger and had better lung function than those discharged from hospital wards.
Although the exact reasons for the higher rates of readmissions in the ED-discharged patients are not fully known, there were several important observations in our study that deserve emphasis. First, the ED-discharged patients were more likely to be current smokers and have more comorbidities (and especially substance abuse disorders and mental illnesses). Substance abuse disorder has been identified as a strong predictor for readmission following hospitalization. 22 Comorbidities are common in COPD patients and adversely impact disease outcome because of many sharing risk factors and compounding effects on disease severity. 37, 38 Cardiovascular comorbidities were present in 44% of the patients in the ED group. Cardiovascular comorbidities have been shown to be important in COPD patients because of their prevalence and negative effects on patient outcomes. [39] [40] [41] [42] [43] [44] [45] In particular, in terms of AECOPD, underlying cardiovascular diseases are associated with a higher risk for exacerbation. 46, 47 In addition, cardiovascular events , expected difference in the outcome (readmission rates) for one unit change in the predictor variable. Abbreviations: eD, emergency department; COPD, chronic obstructive pulmonary disease; FeV 1 , forced expiratory volume in 1 second; NS, not significant; SE, standard error; sUD, substance abuse disorder.
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Bartels et al are often triggered by AECOPD (heart failure, myocardial damage, and arrhythmia such as atrial fibrillation). [48] [49] [50] [51] [52] [53] This combination tends to make exacerbations more severe/complicated and raises the need for hospitalization, 52, 54, 55 resulting in lengthened recovery times 56, 57 and increased mortality. 45, 58 Acute exacerbation of COPD may also trigger acute coronary syndrome, myocardial infarction (heart attack), stroke, and sudden cardiac death. 57, 58 The strong association of underlying cardiovascular comorbidities in our ED group and its association with increased readmission rates suggest that ED management of AECOPD should always include a workup for potential associated cardiovascular events.
Second, adherence to national and international guidelines for managing AECOPD in the ED was relatively low in the present study, consistent with another study in the USA and Canada. 27 We found that while nearly 90% of ED patients were treated with bronchodilators, 63% with antibiotics, and 71% with a course of steroids for their AECOPD in the ED and/or prescribed to complete at home, only 49.1% received all three treatment modalities. This relative under-treatment of AECOPD may contribute to the high recurrence and readmissions rates. Interestingly, if the emergency physician deems it necessary to do a workup for potential underlying infection (complete blood count, C-reactive protein, and blood or sputum cultures) or a cardiovascular reason for dyspnea (electrocardiogram, troponin, and brain natriuretic protein), these interventions predict future readmissions. ED management analysis suggests that the patients with comorbidities (predominantly cardiovascular) and more severe COPD were correctly identified in the ED and given appropriate tests and treatment. Yet the higher readmission rates among these patients indicate that the management plan was not sufficient to prevent future exacerbations or readmissions. Better follow-up and community support are needed to monitor treatment, to do counseling on smoking cessation, to provide action plans and puffer training, and to address other factors such as substance abuse. 22 Interestingly, the use of bronchodilators in the ED and at home was strongly associated with fewer readmissions (all-cause and COPD readmissions), underlying recent studies that showed the importance of proper use of bronchodilators, specifically long-acting bronchodilators in reducing AECOPD. 1 The need for systemic steroids to treat AECOPD also predicts future COPD readmissions, and we suspect that the need for steroids may be just a surrogate marker for the severity of AECOPD.
There were several notable limitations in this study. Our study population is from the inner city with a large fraction of the study patients of low socioeconomic status with high prevalence of substance abuse and mental illness (more so in the ED group); therefore, the results of the study are limited in their generalizability to the wider COPD population. Since this is a retrospective study, not all variables were available for all patients. Furthermore, the ED management of AECOPD is currently not protocolized with inconsistent documentation in the discharge summary as to whether all patients received a COPD action plan or whether current smokers received smoking cessation counseling.
Conclusion
We conclude that patients managed in the ED for AECOPD and discharged directly home have a higher 30-and 90-day readmission rate than patients admitted for in-hospital management. Factors that contribute to this higher readmission rate are underlying cardiovascular disease, mental illness, and substance abuse disorder. We also identify weaknesses in the management of the patients in the ED, specifically as only 
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emergency department management of aeCOPD 50% were given bronchodilators, steroids, and antibiotics inclusively. Other important interventions such as smoking cessation counseling, providing an action plan and referral to appropriate follow-up services such as pulmonary rehabilitation, or a respiratory specialist, were lacking. We postulate that a protocolized management plan for AECOPD in the busy ED could reduce short-term readmissions.
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